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OBJECTIVE

The development of periarticular thickening of skin on the hands and limited joint
mobility (cheiroarthropathy) is associated with diabetes and can lead to signif-
icant disability. The objective of this study was to describe the prevalence of
cheiroarthropathy in the well-characterized Diabetes Control and Complications
Trial/Epidemiology of Diabetes Interventions and Complications (DCCT/EDIC) co-
hort and examine associated risk factors, microvascular complications, and the
effect of former DCCT therapy (intensive [INT] vs. conventional [CONV]) on its
development.

RESEARCH DESIGN AND METHODS

This cross-sectional analysis was performed in 1,217 participants (95% of the
active cohort) in EDIC years 18/19 after an average of 24 years of follow-up.
Cheiroarthropathyddefined as the presence of any one of the following: adhesive
capsulitis, carpal tunnel syndrome, flexor tenosynovitis, Dupuytren’s contracture,
or a positive prayer signdwas assessed using a targeted medical history and
standardized physical examination. A self-administered questionnaire (Disabil-
ities of the Arm, Shoulder and Hand [DASH]) assessed functional disability.

RESULTS

Cheiroarthropathy was present in 66% of subjects (64% of the INT group and 68%
of the CONV group; P = 0.1640) and was associated with age, sex, diabetes dura-
tion, skin intrinsic fluorescence, HbA1c, neuropathy, and retinopathy (P < 0.005
for each). DASH functional disability scores were worse among subjects with
cheiroarthropathy (P < 0.0001).

CONCLUSIONS

Cheiroarthropathy is common in people with type 1 diabetes of long duration
(∼30 years) and is related to longer duration and higher levels of glycemia. Clini-
cians should include cheiroarthropathy in their routine history and physical ex-
amination of patients with type 1 diabetes because it causes clinically significant
functional disability.

Several musculoskeletal disorders of the upper extremities have been shown to be
associated with type 1 diabetes (1–3) and can lead to painful and disabling limita-
tions (4–6). Diabetic cheiroarthropathy is a condition characterized by thickened
skin and limited mobility of the joints in the hands and fingers, leading to flexion
contractures such as Dupuytren’s contracture and flexor tenosynovitis, or trigger
finger. Adhesive capsulitis of the shoulder also occurs more frequently in people
with diabetes when compared with nondiabetic subjects (1,7,8) and may have
a similar pathogenesis to the other musculoskeletal disorders being described.
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Accumulation of advanced glycation
end products (AGEs) in collagen has
been proposed as the underlying cause
of these conditions (9,10). In addition,
carpal tunnel syndrome has long been
associated with diabetes and is thought
to be related to both glycation of con-
nective tissues and diabetic neurop-
athy. In this study we use the term
cheiroarthropathy to encompass all of
themusculoskeletal disorders of theupper
extremities described above, including a
positive prayer sign.
The Diabetes Control and Complica-

tions Trial (DCCT) (11) and its observa-
tional follow-up, the Epidemiology of
Diabetes Interventions and Complications
(EDIC) study (12), provide a unique oppor-
tunity to examine the prevalence of and
factors associated with cheiroarthropathy
in a well-characterized cohort of partici-
pants with type 1 diabetes that has been
followed over an average of 24 years. The
specific aims of the current cross-sectional
study were to describe the prevalence of
cheiroarthropathy in the DCCT/EDIC co-
hort, examine the effect of assigned ther-
apy during DCCT (intensive [INT] vs.
conventional [CONV]), describe predispos-
ing risk factors including time-weighted
HbA1c, and explore the association with
other diabetes-related microvascular
complications such as retinopathy, ne-
phropathy, and neuropathy.

RESEARCH DESIGN AND METHODS

Subjects
The DCCT (1983–1993) demonstrated the
beneficial effects of INT insulin therapy
on preventing the onset and delaying
the progression of long-term complica-
tions of type 1 diabetes (11). At entry
into the DCCT, the 1,441 subjects, aged
13–39 years with a duration of type 1 di-
abetes from 1 to 15 years, were generally
healthy. The subjects were randomly as-
signed to CONV or INT therapy and were
followed for a mean of 6.5 years; the spe-
cifics of this therapy have been previously
described in detail (11). The DCCT com-
prised two cohorts: the primary preven-
tion cohort had diabetes for 1–5 years, no
retinopathy, and urinary albumin excre-
tion,40 mg/24 h, and the secondary in-
tervention cohort had diabetes for 1–15
years, very mild to moderate nonprolifer-
ative retinopathy, and urinary albumin
excretion#200 mg/24 h at baseline (11).
At the end of the DCCT, subjects in the

CONV treatment group were taught

INT therapy and all subjects were en-
couraged to perform INT therapy. In
1994, 1,375 (95%) of the surviving DCCT
subjects enrolled in the EDIC study, the
DCCT’s observational follow-up study
(1994 to the present). At EDIC years 18/
19 (2011–2012), 1,217 of the 1,281 active
EDIC participants (95%) enrolled in this
cheiroarthropathy study, which was ap-
proved by the institutional review boards
of all participating centers.

Study Design
This cross-sectional study was con-
ducted during an annual examination
for the EDIC study. Cheiroarthropathy
was assessed by a targeted clinical his-
tory, self-administered questionnaire,
and physical assessment. The targeted
history was obtained by trained study
staff using an investigator-designed ques-
tionnaire (Supplementary Data). The
questions addressed symptoms and/or
diagnosis, treatment, and treatment re-
sponse related to adhesive capsulitis,
carpal tunnel syndrome, tenosynovitis,
and Dupuytren’s contracture.

A self-administrated and previously
validated questionnaire, Disabilities of
the Arm, Shoulder and Hand (DASH)
(13), was completed by the subjects.
This 30-item questionnaire measures
function of the upper limbs using a
5-point scale, with a total score ranging
from 0 to 100. Higher values represent
more functional disability (14). DASH
questions also assess physical health,
pain, and social/emotional health (14).

The physical assessment included vi-
sual screening for a positive prayer sign
(limited joint mobility preventing pal-
mar surfaces of the hands from lying
flat against each other in opposition).
Subjects with a positive prayer sign
also had finger extension measured with
goniometry unless excluded by a history
of injury (e.g., fractured fingers) with re-
sidual deformity, stroke with persistent
physical limitations, or deformities from
rheumatoid arthritis. All subjects had bi-
lateral shoulder flexion measured unless
there was a history of stroke, shoulder
surgery, or shoulder injury with residual
limitations. Hand and shoulder measure-
ments were performed using two stan-
dard plastic goniometers (Patterson
Medical, Bolingbrook, IL). Study coordina-
torswere trained and certified toperform
the measurements by a board-certified
hand therapist. To determine intrarater

reliability, goniometer measurements
were performed twice for each shoulder
and twice for each digit. Differences be-
tween the first and second measure-
ments at each location were compared.
If the first and second measurements dif-
fered by$15 degrees in the shoulder or
$10 degrees in the fingers, third and
fourth measurements were obtained.
The average of the first two measure-
ments (or the third and fourth, when
taken) were used for analysis.

Biomedical Evaluations and
Assessment of Diabetes Complications
Biomedical evaluations such as physical
examination, medical history, routine
laboratory tests (HbA1c, lipids), and as-
sessment of diabetes complications
have been described elsewhere in
detail (12,15).

The degree of collagen glycation was
measured as skin autofluorescence
(16,17). Skin autofluorescencemeasure-
ments were obtained on the underside
of the forearm near the elbow using a
skin fluorescence spectrometer (18).

Statistical Methods
Demographic and clinical characteristics
were compared between thosewith and
without cheiroarthropathy using the
Wilcoxon rank sum test for ordinal and
numeric variables and the x2 test for
categorical variables. Similarly, the clin-
ical characteristics associated with the in-
dividual components of cheiroarthropathy
were analyzed. The prevalence of any
cheiroarthropathy and of the individual
elements was expressed as a percentage
of the total cohort of subjects who partic-
ipated in this cheiroarthropathy study.
The coprevalence of the individual ele-
ments is described in the RESULTS and
Supplementary Table 2.

The characteristics of interest for
further risk factor analyses were age,
sex, duration of diabetes, cohort assign-
ment, time-weighted DCCT/EDIC HbA1c,
and the degree or presence of retinop-
athy, nephropathy, or neuropathy. Lo-
gistic regression models were used to
assess the association among risk fac-
tors, microvascular complications, and
the presence of cheiroarthropathy.
Three separate multivariable logistic re-
gressionmodels were used to assess the
effect of each microvascular complica-
tion (neuropathy, nephropathy, and
retinopathy) after adjusting for age,
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sex, duration of diabetes, and time-
weighted DCCT/EDIC HbA1c.
Mean functional disability scores from

theDASHwerepresented for selectedchar-
acteristics. The differences between sex,
DCCT treatment group, tertiles of time-
weighted HbA1c, cheiroarthropathy status,
and total number of cheiroarthropathies
was evaluated using the Wilcoxon rank
sum test. The Kruskal-Wallis test was
used for characteristics that were di-
vided into two or more groups. The
same characteristics and methods were
used to evaluate group differences in
mean shoulder flexion.

RESULTS

The characteristics of the study cohort
at the time of the cheiroarthropathy as-
sessment are shown in Table 1. The
study population had an average age
of 52 years, and mean duration of type
1 diabetes was 31 years. Cheiroarthrop-
athy, defined as any one of the following
abnormalities: adhesive capsulitis, car-
pal tunnel syndrome, tenosynovitis,
Dupuytren’s contracture, or a positive
prayer sign, was present in 807 of the
subjects (66%). The most common type

of cheiroarthropathy was adhesive cap-
sulitis, found in 372 of the subjects
(31%), followed by carpal tunnel syn-
drome (n = 362; 30%), flexor tenosyno-
vitis (n = 340; 28%), positive prayer sign
(n = 251; 22%), and Dupuytren’s con-
tracture (n = 105; 9%). Of the partici-
pants, 400 (33%) had one type of
cheiroarthropathy by report or had a
positive prayer sign basedon examination;
241 participants (20%) had two types of
cheiroarthropathy, 124 (10%) had three,
and 42 (3%) had four or five. Among those
with two types of cheiroarthropathy, the
most common combinations were carpal
tunnel syndrome and flexor tenosynovitis
(31%) followed by the combination of
carpal tunnel syndrome and adhesive
capsulitis (17%).

The demographic and clinical charac-
teristics of those with and without
cheiroarthropathy are presented in
Table 1. Subjects with cheiroarthropathy
were older (52.7 6 6.6 vs. 51.3 6 7.3
years old; P = 0.0017) and more likely to
be female (53% vs. 38%; P, 0.0001). The
presence of cheiroarthropathy also was
associated with a longer duration of di-
abetes; higher mean DCCT/EDIC HbA1c;

the presence of other diabetes-related
complications, specifically neuropathy
and retinopathy (P, 0.0001); and higher
levels of skin intrinsic fluorescence (P =
0.0052).

Cheiroarthropathy was examined by
DCCT treatment group (INT vs. CONV
therapy). Adhesive capsulitis, flexor te-
nosynovitis, and Dupuytren’s contrac-
ture were more frequent in the CONV
group (P = 0.05), whereas there was no
difference by treatment group in the
frequency of carpal tunnel syndrome
or the presence of a positive prayer
sign. Cheiroarthropathy was less likely
to occur in the primary prevention co-
hort than in the secondary intervention
cohort (P , 0.0001) (Table 1). Examina-
tion of the prevalence of the types of
cheiroarthropathy by tertiles of time-
weighted DCCT/EDIC HbA1c measured
between 1983 and 2011 showed the
proportion of each cheiroarthropathy
to be progressively higher with higher
mean HbA1c levels (Fig. 1).

Table 2 presents the odds of
cheiroarthropathy for various risk fac-
tors and microvascular complications.
The association between the presence

Table 1—Characteristics of subjects with and without cheiroarthropathy

Characteristics Total (n = 1,217)
Cheiroarthropathy present

(n = 807)
Cheiroarthropathy absent

(n = 410) P value

Age (years) 52.2 6 6.9 52.7 6 6.6 51.3 6 7.3 0.0017

Female sex 584 (48) 430 (53) 154 (38) ,0.0001

Menopause* 300 (55) 232 (57) 68 (48) 0.0494

Married or remarried 880 (73) 584 (73) 296 (73) 0.9724

Duration of diabetes (years) 31.1 6 4.9 31.9 6 5.0 29.5 6 4.3 ,0.0001

BMI (kg/m2) 28.8 6 5.5 28.7 6 5.5 28.8 6 5.4 0.9931

Obese (BMI $30 kg/m2) 411 (35) 281 (36) 130 (33) 0.3422

DCCT INT therapy 616 (51) 397 (49) 219 (53) 0.1640

Primary cohort† 607 (50) 351 (43) 256 (62) ,0.0001

Current smoker 136 (11) 95 (12) 41 (10) 0.3567

HbA1c [% (mmol/mol)]
Time-weighted DCCT/EDIC 8.0 6 1.0 (63.8 6 10.5) 8.1 6 1.0 (64.5 6 10.5) 7.9 6 0.9 (62.3 6 10.3) 0.0004
During DCCT 8.1 6 1.4 (64.8 6 15.3) 8.1 6 1.4 (65.3 6 15.4) 8.0 6 1.4 (63.9 6 15.0) 0.1356
During EDIC 8.0 6 1.0 (63.4 6 11.1) 8.0 6 1.0 (64.2 6 11.1) 7.8 6 1.0 (61.8 6 11.0) 0.0002

Skin intrinsic fluorescence (AU)‡ 22.6 6 4.7 22.9 6 4.7 22.1 6 4.7 0.0052

Neuropathy§ 327 (29) 250 (34) 77 (21) ,0.0001

Nephropathy|| 168 (14) 112 (14) 56 (14) 0.9162

Retinopathy¶ 255 (21) 201 (25) 54 (13) ,0.0001

Data are mean6 SD or n (%). The P value evaluates the difference between subjects with and without cheiroarthropathy using the Wilcoxon rank
sum test for ordinal and numeric characteristics or the contingency x2 test for categorical characteristics. *Data on menopause were available for
546 women (404 with cheiroarthropathy present and 142 with cheiroarthropathy absent). †The primary prevention cohort consisted of subjects
with type 1 diabetes for 1–5 years and no diabetes-related complications (no microaneurysms on fundus photography and urine albumin excretion
,40 mg/day). The secondary intervention cohort consisted of subjects with type 1 diabetes for 1–15 years, mild to moderate nonproliferative
retinopathy, and a urinary albumin excretion rate ,200 mg/day. ‡AU represents arbitrary relative fluorescence units as a function of excitation
wavelength measured in 1,145 subjects at EDIC years 16/17. §Neuropathy is defined as the presence of confirmed clinical neuropathy, measured in
1,119 subjects at EDIC years 13/14. ||Nephropathy is defined as an albumin excretion rate $30 mg/24 h at 2 consecutive visits. ¶Retinopathy is
defined as a self-reported history of scatter laser treatment to one or both eyes.
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of cheiroarthropathy and age, sex, du-
ration of diabetes, or HbA1c did not
change substantially and remained sig-
nificant after adjustment for retinopa-
thy, neuropathy, or nephropathy. The
associations of cheiroarthropathy with
neuropathy remained significant in a
multivariable model adjusting for the
other significant risk factors, whereas
the associationwith retinopathy remained
nominally significant (P = 0.0547). The
odds of cheiroarthropathy were 1.60
times higher (95% CI 1.14–2.24) for sub-
jects with neuropathy and 1.45 times
higher (95% CI 0.99–2.11) for subjects
with retinopathy after adjusting for
age, sex, duration of diabetes, and
time-weighted DCCT/EDIC HbA1c.
A subgroup analysis was performed

to determine whether the demographic
and clinical characteristics differed
among the individual components of
cheiroarthropathy (Supplementary
Table 1). Although there were some dif-
ferences in clinical characteristics among
the components of cheiroarthropathy,
the trend of the associations was more
consistent than not. As with the com-
bined definition, the presence of the in-
dividual components was generally
associated with older age, longer dura-
tion of diabetes, female sex, and higher
HbA1c and skin fluorescence levels. Not
all of the associations in the analysis
of the components were statistically

significant, possibly because of the
smaller number of cases and reduced
power.

In addition, we examined the demo-
graphic and clinical characteristics of those
subjects with one, two or three, and four
or five components of cheiroarthropathy
(Supplementary Table 2) Analyses were
limited by the relatively small number
of subjects with four or five compo-
nents (n = 42). However, subjects
with longer duration of diabetes, as-
signment to CONV therapy during
DCCT, higher HbA1c and skin fluores-
cence, and the occurrence of retinopa-
thy and neuropathy all were associated
with an increased frequency of these
cheiroarthropathy components, in a
graded fashion.

DASH disability scores were higher in
women than in men (13.5 vs. 8.3; P ,
0.0001) (Table 3). The presence of any
cheiroarthropathy was associated with
higher DASH scores, reflecting more
functional limitation, and there was a
progressive effect on functional limitation
with the presence of more elements of
cheiroarthropathy (P , 0.0001). DASH
scores also were associated with glyce-
mia: those with higher HbA1c levels had
higher DASH scores (P, 0.0001). Similar
to the relationship between HbA1c levels
and cheiroarthropathy, higher HbA1c lev-
els were associated with worse DASH
scores. There were no differences in

DASH scores between the DCCT INT and
CONV treatment groups. Cheiroarthrop-
athy had an adverse effect on DASH work
capacity, similar to the effect on overall
DASH scores. Cheiroarthropathy also ad-
versely affected other activities such as
sports and performing arts, as indicated
by the DASH sports and performing arts
scores.

The goniometer measurements of
shoulder flexion revealed generally less
flexibility in the right shoulder (right
hand dominance in 90%) (Table 3). The
CONV therapy group had reduced right
shoulder flexion when compared with
the INT group. Higher HbA1c levels
were associated with reduced flexion
in both shoulders. Finally, the presence
of any cheiroarthropathy and the num-
ber of cheiropathic abnormalities were
associated with significantly less flexion.

CONCLUSIONS

Musculoskeletal disorders involving the
hands and shoulders that may result
from the accumulation of AGEs have
been shown in previous studies to occur
more frequently in individuals with
diabetes compared with those without
diabetes (1,2,19). Compared with
hyperglycemia-associated complica-
tions affecting the eyes, kidneys, periph-
eral and autonomic nervous system,
heart, and brain, this constellation of
long-term complications has received

Figure 1—Association of prevalence of cheiroarthropathy by tertiles of time-weighted HbA1c during the DCCT/EDIC (1983–2011). Subjects could
report more than one type of cheiroarthropathy. The P values estimate the HbA1c group differences calculated using the contingency x2 test for
categorical variables. Twenty subjects were missing an HbA1c measurement at EDIC year 18.
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almost no attention in clinical research
and likely is underappreciated in clinical
care. Using this well-phenotyped cohort
of patients with type 1 diabetes, we
have demonstrated that cheiroarthrop-
athy affecting the hands and shoulders
is extremely common and possibly ex-
ceeds the prevalence of retinopathy,
nephropathy, neuropathy, and cardio-
vascular disease. These musculoskeletal
disorders often cause pain and func-
tional limitations, as we have shown
with the validated, self-administered
DASH Disability and Symptom score,
and may affect the ability to perform
routine daily activities (4–6); however,
patients and health care providers may
not be aware of these potentially treat-
able complications (3). For example,
clinical care guidelines such as the
American Diabetes Association’s Clini-
cal Practice Recommendations (20)
recommend regular and frequent as-
sessments of the eyes, kidneys, and
cardiovascular and nervous systems,
but there is little mention of mus-
culoskeletal disorders and no recom-
mendations for routine monitoring
of signs or symptoms suggestive of
cheiroarthropathy.

Cheiroarthropathy was present in
66% of the DCCT/EDIC participants
after a mean diabetes duration of 30
years. Adhesive capsulitis in the shoul-
der occurred most frequently (31%), fol-
lowed by carpal tunnel syndrome (30%),
flexor tenosynovitis (28%), positive
prayer sign (22%), and Dupuytren’s con-
tracture (9%). Of the participants, 33%
had two or more musculoskeletal disor-
ders; the most common combination
was carpal tunnel syndrome plus flexor
tenosynovitis. In a prior study of 100
patients with type 1 diabetes (mean du-
ration 22 years), 43% had cheiroarthrop-
athy, and 10% had both hand and
shoulder disorders (1). The relative fre-
quency of musculoskeletal disorders in
this smaller study differed from our find-
ings in that Dupuytren’s contracture and
trigger fingerweremost common and oc-
curred with equal frequency, followed by
adhesive capsulitis and carpal tunnel syn-
drome. A recent epidemiological review
of conditions causing limited joint mobil-
ity in patients with diabetes shows higher
prevalence of frozen shoulder, stiff hand
syndrome, Dupuytren’s contracture, and
trigger finger when compared with the
general population (19).
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In previous studies, advanced age,
longer duration of diabetes, worse de-
gree of glycemic control, and the pres-
ence of microvascular complications
have been observed as risk factors for
cheiroarthropathy in type 1 diabetes
(2). We have confirmed these observa-
tions and with our large DCCT/EDIC co-
hort have been able to quantify the risk
associated with these factors (Table 2).
In addition, we have indentified female
sex and the occurrence of neuropathy
and retinopathy, but not nephropathy,
as being associated with cheiroarthrop-
athy (P , 0.0005 for all) (Table 1). These
same risk factors apply fairly consistently
across the individual components of
cheiroarthropathy that we examined.

Whether the coprevalence of micro-
vascular and musculoskeletal complica-
tions reflects shared pathogenesis
(“common soil”), such as the role of
HbA1c levels in both, or is confounded
by factors such as longer duration is not
clear. The adjusted analyses (Table 2)
support the independent effects of du-
ration of diabetes, HbA1c levels, and
microvascular complications on the
prevalence of cheiroarthropathy. The
effects of neuropathy and retinopathy
were slightly reduced in the adjusted
models but still significant for neuropa-
thy (P = 0.01) and marginally significant
for retinopathy (P = 0.0547).

Of note, although the musculoskele-
tal disorders were associated with gly-
cemic control (time weighted during
DCCT/EDIC and during EDIC), INT ther-
apy during the DCCT was not consis-
tently significantly associated with
the elements of cheiroarthropathy.
Whether the absence of an effect of
previous INT treatment on aggregate
cheiroarthropathy was secondary to
heterogeneity among the elements and
their relationship with INT therapy or to
other factors is unknown. However, the
more consistent relationship of aggregate
cheiroarthropathy and its elements with
HbA1c levels suggests an important rela-
tionship with glycemic control.

The limitations of our study include the
possibility that the DCCT/EDIC cohort is
too unique to be generalizable to the non-
study population with type 1 diabetes; a
careful selection process was used at the
time of enrollment, and subjects who
commit to longitudinal clinical trials tend
to bemore highly motivated and engaged
than the general population. These factors
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can potentially provide a positive influence
on the participants’ health. On the other
hand, the prevalence of cheiroarthropathy
documented herein may be an underes-
timate, to the extent that the DCCT/EDIC
cohort, and especially the INT treatment
group during the DCCT, may have been
more aggressively managed than the
general population with type 1 diabetes,
thereby preventing this complication in
some subjects. In addition, our studywas
cross-sectional, so we can only describe
prevalence after substantial exposure to
diabetes, not incidence. Finally, use of a
positive prayer sign as an indicator of
cheiroarthropathy may have introduced
some inaccuracy into our classification
since prior treatment for Dupuytren’s
contracture or flexor tenosynovitis may
render a previously positive prayer sign
negative. The strength of the study is the
large number of the subjects, who were
carefully phenotyped with standardized
and validated methods.
Previous small studies have demon-

strated that cheiroarthropathy is a com-
plication of type 1 diabetes (1). This study
establishes the high prevalence of spe-
cific musculoskeletal disorders and risk
factors and their adverse effect on func-
tionality. Lower levels of glycemia should
reduce the risk of developing these
sometimes disabling complications, as it
has reduced other type 1 diabetes com-
plications (21). Surveillance for musculo-
skeletal disorders should be added to the
recommendations for the routine care of
people with type 1 diabetes.

Funding. The DCCT/EDIC was supported by
U01 Cooperative Agreement grants (1982–93,
2011–2016) and contracts (1982–2011) with
the Division of Diabetes, Endocrinology, and
Metabolic Diseases of the National Institute of
Diabetes and Digestive and Kidney Diseases
(current grant nos. U01-DK-094176 and U01-
DK-094157), and through support from the
National Eye Institute, the National Institute of
Neurological Disorders and Stroke, the Genetic
Clinical Research Centers Program (1993–2007),
and the Clinical and Translational Science
Center Awards Program (2006 to the present),
Bethesda, MD.

The DASH Outcome Measure and the QuickDASH
are the property of the Institute for Work &
Health (IWH). These instrumentswere jointly de-
veloped by the IWH and the American Academy
of Orthopaedic Surgeons. The project was sup-
ported by the American Association for Hand
Surgery, the American Orthopaedic Society for
Sports Medicine, American Shoulder and Elbow

Surgeons, the American Society for Surgery of
the Hand, the Arthroscopy Association of North
America, and the American Society of Plastic
Surgeons. The DASH is currently administered
by the IWH. Permission for use in this study
was granted on 6 October 2010.

Industry contributors have had no role in the
DCCT/EDIC study but have provided free or
discounted supplies or equipment to support
participants’ adherence to the study: Abbott Di-
abetes Care (Alameda, CA); Animas (Westchester,
PA); Bayer Diabetes Care (North America Head-
quarters, Tarrytown, NY); Becton Dickinson
(Franklin Lakes, NJ); CanAm (Atlanta, GA); Eli Lilly
(Indianapolis, IN); LifeScan (Milpitas, CA); Med-
tronic Diabetes (Minneapolis, MI); Nova Diabe-
tes Care (Billerica, MA); Omron (Shelton, CT);
OmniPod Insulin Management System (Bedford,
MA); Roche Diabetes Care (Indianapolis, IN); and
Sanofi (Bridgewater, NJ).
Duality of Interest. No potential conflicts of
interest relevant to this article were reported.
Author Contributions. M.E.L., A.B., J.H., P.G.,
E.G., J.L., and G.L. wrote the manuscript. B.H.B.
researched data, performed analyses, and
wrote the manuscript. P.A.C., C.M., and
D.M.N. researched the data and wrote the
manuscript. L.D. researched the data. M.E.L. is
the guarantor of this work and, as such, had full
access to all the data in the study and takes
responsibility for the integrity of the data and
the accuracy of the data analysis.
Prior Presentation. Portions of these data
were presented in poster form at the 72nd
Scientific Sessions of the American Diabetes
Association, Philadelphia, PA, 8–12 June 2012.

References
1. Cagliero E, Apruzzese W, Perlmutter GS,
Nathan DM. Musculoskeletal disorders of the
hand and shoulder in patients with diabetes
mellitus. Am J Med 2002;112:487–490
2. Rosenbloom AL, Silverstein JH. Connective
tissue and joint disease in diabetes mellitus. En-
docrinol Metab Clin North Am 1996;25:473–483
3. Kim RP, Edelman SV, Kim DD. Musculoskele-
tal complications of diabetes mellitus. Clin Di-
abetes 2001;19:132–135
4. Redmond CL, Bain GI, Laslett LL, McNeil JD.
Hand syndromes associated with diabetes:
impairments and obesity predict disability.
J Rheumatol 2009;36:2766–2771
5. Ramchurn N, Mashamba C, Leitch E, et al.
Upper limb musculoskeletal abnormalities and
poor metabolic control in diabetes. Eur J Intern
Med 2009;20:718–721
6. Kemmis K. Common musculoskeletal disor-
ders in older adults with diabetes. Top Geriatr
Rehabil 2010;26:264–272
7. Cole A, Gill TK, Shanahan EM, Phillips P,
Taylor AW, Hill CL. Is diabetes associated with
shoulder pain or stiffness? Results from a popula-
tion based study. J Rheumatol 2009;36:371–377
8. Smith LL, Burnet SP, McNeil JD. Musculoskel-
etal manifestations of diabetes mellitus. Br J
Sports Med 2003;37:30–35
9. Nathan DM. The pathophysiology of diabetic
complications: how much does the glucose hy-
pothesis explain? Ann InternMed 1996;124:86–89

10. Brownlee M. Glycation products and the
pathogenesis of diabetic complications. Diabe-
tes Care 1992;15:1835–1843
11. The Diabetes Control and Complications
Trial Research Group. The effect of intensive
treatment of diabetes on the development
and progression of long-term complications in
insulin-dependent diabetes mellitus. N Engl J
Med 1993;329:977–986
12. Epidemiology of Diabetes Interventions
and Complications (EDIC). Design, implemen-
tation, and preliminary results of a long-term
follow-up of the Diabetes Control and Com-
plications Trial cohort. Diabetes Care 1999;22:
99–111
13. Beaton DE, Katz JN, Fossel AH, Wright JG,
Tarasuk V, Bombardier C. Measuring the whole
or the parts? Validity, reliability, and responsive-
ness of the Disabilities of the Arm, Shoulder and
Hand outcomemeasure in different regions of the
upper extremity. J Hand Ther 2001;14:128–146
14. Schoneveld K, Wittink H, Takken T. Clini-
metric evaluation of measurement tools used
in hand therapy to assess activity and participa-
tion. J Hand Ther 2009;22:221–235; quiz 236
15. The DCCT Research Group. Feasibility of
centralized measurements of glycated hemo-
globin in the Diabetes Control and Complica-
tions Trial: a multicenter study. Clin Chem
1987;33:2267–2271
16. Monnier VM, Bautista O, Kenny D, et al.
Skin collagen glycation, glycoxidation, and
crosslinking are lower in subjects with long-
term intensive versus conventional therapy of
type 1 diabetes: relevance of glycated collagen
products versus HbA1c as markers of diabetic
complications. DCCT Skin Collagen Ancillary
Study Group. Diabetes Control and Complica-
tions Trial. Diabetes 1999;48:870–880
17. Monnier VM, Vishwanath V, Frank KE,
Elmets CA, Dauchot P, Kohn RR. Relation be-
tween complications of type 1 diabetes mellitus
and collagen-linked fluorescence. N Engl J Med
1986;314:403–408
18. Cleary PA, Braffett BH, Orchard T, et al.;
DCCT/EDIC Research Group. Clinical and tech-
nical factors associated with skin intrinsic fluo-
rescence in subjects with type 1 diabetes from
the Diabetes Control and Complications Trial/
Epidemiology of Diabetes Interventions and
Complications Study. Diabetes Technol Ther
2013;15:466–474
19. Abate M, Schiavone C, Salini V, Andia I.
Management of limited joint mobility in dia-
betic patients. Diabetes Metab Syndr Obes
2013;6:197–207
20. American Diabetes Association. Standards
of medical care in diabetes–2008. Diabetes
Care 2008;31(Suppl. 1):S12–S54
21. Diabetes Control and Complications Trial/
Epidemiology of Diabetes Interventions and
Complications (DCCT/EDIC) Research Group;
Nathan DM, Zinman B, Cleary PA, et al. Modern-
day clinical course of type 1 diabetes mellitus
after 30 years’ duration: the diabetes control
and complications trial/epidemiology of diabetes
interventions and complications and Pittsburgh
epidemiology of diabetes complications experi-
ence (1983-2005). Arch Intern Med 2009;169:
1307–1316

care.diabetesjournals.org Larkin and Associates 1869

http://care.diabetesjournals.org

